Maize (Zea mays L.) is an economically important crop in worldwide. While the consumption of the maize is steadily increasing, the yield is decreasing due to continuous mono-cultivation and infection of soil-borne fungal pathogens such as Fusarium species. Recently, stalk rot disease in maize, caused by F. subglutinans and F. temperatum has been reported in Korea. In this study, we isolated bacterial isolates in rhizosphere soil of maize and subsequently tested for antagonistic activities against F. subglutinans and F. temperatum. A total of 1,357 bacterial strains were isolated from rhizosphere. Among them three bacterial isolates (GC02, GC07, GC08) were selected, based on antagonistic effects against Fusarium species. The isolates GC02 and GC07 were most efficient in inhibiting the mycelium growth of the pathogens. The three isolates GC02, GC07 and GC08 were identified as Bacillus methylotrophicus, B. amyloliquefaciens and B. thuringiensis using 16S rRNA sequence analysis, respectively. GC02 and GC07 bacterial suspensions were able to suppress over 80% conidial germination of the pathogens. GC02, GC07 and GC08 were capable of producing large quantities of protease enzymes, whereas the isolates GC07 and GC08 produced cellulase enzymes. The isolates GC02 and GC07 were more efficient in phosphate solubilization and siderophore production than GC08. Analysis of disease suppression revealed that GC07 was most effective in suppressing the disease development of stalk rot. It was also found that B. methylotrophicus GC02 and B. amyloliquefaciens GC07 have an ability to inhibit the growth of other plant pathogenic fungi. This study indicated B. methylotrophicus GC02 and B. amyloliquefaciens GC07 has potential for being used for the development of a biological control agent.
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길항미생물의 발아억제효과 검정.
2 (Howard Ferrari, 1989) . (Fig. 3) Fig. 2 . Phylogenetic tree based on 16s rRNA sequences of bacterial isolates. DNA sequences from the NCBI nucleotide database were aligned using the ClustalW program in MEGA 6.0, and constructed using the neighbor-joining method with 1,000 bootstrap replicates. The scale bar indicates the number of differences in nucleotide substitutions per sequences. The GenBank accession numbers of the Bacillus species most similar to the bacterial isolates were indicated in parenthesis. . B. thuringiensis GC08 , 1,000 (Fig. 3) .
B. subtilis, B. amyloliquefaciens, Panibacillus polymyxa, Pseudomonas putida
, B. subtilis 
Fig. 4.
Characterization of bacterial substances produced by antagonistic microorganisms. Cellulase production was examined on CMC agar plates containing 1.2% carboxymethyl cellulose, followed by flooding with 0.1% congo red solution after 3 days. Protease production was examined on LB plates containing 3% skim milk after 3 days. Siderophore production and solubility capacity of phosphate were examined on CAS agar plates after 5 days and Pikovskaya's agar plates after 15 days, respectively. (Kwak, 2012 ) Bacillus sp. NAAS-1 (Yoo , 2012) .
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Penicillium roqueforti (Chitarra , 2003) .
B. amyloliquefaciens NJN-6 (volatile compounds) F. oxysporum f. sp. cubense (Yuan , 2012 (Fig. 4) . Bacillus spp. amylases (Thippeswamy , 2014) , proteases (Bhaskar , 2007) , cellulase (Nakamura , 1987) , chitinase (Watanabe , 1993) , lipases (Nawani Kaur, 2000) , autolysin (Smith , 2000) . , amylases, proteases, lipases (Barros , 2013) . B. amyloliquefaciens GC07 B. thuringiensis GC08 cellulase protease (Fig. 1)  . cellulase protease , .
PGPR(Plant growth promoting rhizobacteria) siderophore CAS .
B. methylotrophicus GC02 B. amyloliquefaciens GC07 siderophore (Fig. 4) . B. thuringiensis GC08 (Fig. 1 ) .
. siderophore 3 clear zone B. methylotrophicus GC02 B. amyloliquefaciens GC07 (Fig. 4) .
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길항미생물의 항균활성 범위.
F. subglutinans F. temperatum (Scauflaire , 2011) .
( Determined by measuring the average distance of inhibition zone; + for less than 0.5 cm, ++ for 0.5 to 1 cm, +++ for 1.0 to 1.5 cm, ++++ for 1.5 to 2.0 cm in distance of inhibition zone.
, Sodariomycetes (Table 1) .
B. methylotrophicus GC02 . B. methylotrophicus GC02 B. amyloliquefaciens GC07 .
옥수수를 이용한 방제효과검정.
3 2 (Fig. 5) .
(brown streak) (Reid Zhu, 2004) .
F. temperatum disease index 3.0 2.92 F. subglutinans (Table 2) . F. temperatum (Shin , 2014b (Fig. 1)  (Fig. 2) . 10 (PGPR) Fig. 5 . In vivo pathogenicity assay of bacterial strains from corn on the development of stalk rot caused by Fusarium subglutinans and F. temperatum. Corn were grown for 3-4 weeks. Bacterial culture suspension were pipette injection, and then were pipette injection of conidia suspension with a concentration of 4×10 4 conidia/ml. After 10 days, this result was evaluated. (Borriss, 2011; Qiao , 2014) .
2 (F.
subglutinans and F. temperatum) B. methylotrophicus GC02 B. amyloliquefaciens GC07 (Fig. 1) . B. amyloliquefaciens cycliclipopeptide (Arrebola , 2010; Chen , 2010; Sun , 2006) , (Bhattacharyya Jha, 2012) .
B. methylotrophicus GC02 B. amyloliquefaciens GC07 (Fig. 4) . salicylic acid jasmonic acid ethylene (Induced systemic resistance) (Annapurna , 2013; Beneduzi , 2012 
